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Abst rac t

h40ntc-Carlo  si]nulatio]ls o f  tl]rec di]ncllsio]lal  galaxy  distribut,io]ls arc ])c,rf{lr]]ld,  fo]lowinp;
tlIc ])rmsc.ript,io]l  of Clloks}li  &7, Wrig]lt ( 1 9 8 8 ) ,  h study  tlIc ])llotometric  pro]wrtim  of cvolvi]l?;
galaxy  populations in the optical and near i]lfrad bands  to IIigll  rdsllif(s.  Galaxies are s])atially
distribute according to tl(e sl)atial two ]JoiIIt  correlation functioli i]) a ra]lge of clllster to field
environments and in volu Inc dcmcl(ts  a])])  ropriate  to the cos)nological  lnodcl under collsidcratio]l.
l)c.tails of individual gaJaxy  pro]mtics,  inc]udi]lg  lumillositics,  ]nor])liologics,  disk- to-hulg;c ratios,
and size d i s t r i b u t i o n s  arc silnulatd  to matc]l local  obscrvwl galaxy  ])ro])crtim. Galaxies IIavc
cvolvi]lg  gas fraction,  mctallicity  and slvx.tralcvlergy  distributio]ls  that i]lclude  hot]i  stellar cmissio]l
and i])ternal  dust absorption) a.IId re-cmissio]]. ‘J’IIc si]nulations  rcsu]t  in noiseless t~~’oclilllc]]sio]lal
galaxy  distril~lltio]lso]l  tllcskytllat  can bcc.om])ard  totllcol)ser~’ecl[lcc~~ images ill tllel)luea]ld
]Ica.r-infra.rd  bands.  in this pal)cr,  tllc first of a se r i e s , wc ])rescnt o u r  Ijasclillc  model it] wllicll
galaxy liumbers  arc c.o]lscrvcxl,  and ill which Ilocx])lic.it “star  l)urst” pq)ulation  is illcludd.  WC
use tlic III OCIC1  i]) an atteml)t Lo simulta]leouslj’ f i t  pul)lishd  h]ue and near i]] frarcd  ]]llotolnctric
and spectroscopic observations c)f dec]) fie]ds. Wc find tliat our  l)asdine  Inodcls, w’itll a forl]lation
rcdshift,  zj, of 1000, and 11.=-50,  arc ah]c to re])roduc.e  the observed  l)]ue counts to Lj = 22,
illclcqmdent  of the value of Q ~, and also to ~)rovide a satisfactory fit to tl]c ol)servd  I)]ue l~a]ld
rdsllift  distrihutio]ls,  hut  for ncitllcr  valucof  flc) do wc ac. hicvcan accq)tablc fit to the failltm  blud
counts. III tllc K-band, we fit tllc ]Iu]nl)cr counts to tllc li]nit  of tile ])rmw]lt day surveys oI)ly for
an f)O = O cosmology.

\Yc invcstigak  the cflcct,  on tllc modd f i t s  c)f varying;  tlic cos]nological  paraInctm l/., tlIc
for]natio]l  rdsllift zj, and tlic local IIll]li]losity  fllllc.tioll. Cllallgi]lg]/O{locs]lot  illl])]c)l’etllc’fitstc)
tlIe observations. IIow’ever,  reducing tile c]joclI of galaxy  forma tio]l  used ill our sill]ulatiolls has a
suhsta]ltiaj  cflcct. III ])articular,  a Inodcl  wil,]l  ,zj V 5 in a low fl~) ullivcrsc im])rovcs  tltc fit to tile
faintest ])hotomctric. h]ue data without aIly IImd to iIlvokc a IIeW ])o])ulatio])  of p;alaxics,  subst a]ltial
]]lmgi]lg,  or a significant starhurst  galaxy population. If’or an (LO: 1 ullivcrsc, however, rducill?; zj
is lCSS successful at fitting tllc blue l~a]ld counts, a]lcl IIas little eflcIc.t at all at K.

V a r y i n g  tllc ])aramctcrs  of tllc local lulni]losity fullc.tioll  c.aII also lIavc a significant cfl’ccl.  III
])artic.ular tlIc stcc]) low CIId slo])c of tlie local lu]ninosity  fuIlction of 11’rallccsclli]li  c1 al. allo~vs all
acce])tal)]c fit to tlic Lj < 25 counts for flc) = 1, I)ut is i]lcom]mtil)lc  witli Q,, = O.

Kcy Words: faint galaxies, p;alaxy cvo]utioll
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1 lnt)rodudion

over tlic l a s t  dccaclc,  advallccs in tlIe smlsitivity o f  two dilnmsiona]  array dctcclors  liave lcd to
l)llcnomenal brcalithroug]ls  ill tlIc observations offaillt galaxies. in tlIc h]uc band the galaxy  surveys
])IOIN flux lcwcls  t,llat arc 5-8 lnaglliiudcs  failltm  than tile ])hotographic  surveys. ‘J’lIc  IIcar-inframl
arrays have oIIly rcccnt]y  hccomo available, and IIOW allow syskmatic.  studies of galaxy  ]Jo])ulatiolis
to K & 21 nlag. ‘J’IIc  o])tic-al and near infrarcx] surveys ])robc surface d(nlsitics  of galaxies ill excess
of 1(F’ dcgrcc-2. Yet these advancements ill observations have not resulted in any colIsmIsus olI
the intcr])rctation  of tlIc origin of tlIc faint galaxy  populatio]ls,  or on the coslno]ogical  models tliat
t,lic observations favor. l’or cxamp]c,  moclclling  of tlIc ]Jhoto]nctric surveys in tile hluc and tlIc
1{-lmnd has pointed to contradictory results: tile 11-l) and counts  illcrcase stmply  kyolld bj ~ 1 7
( K o o  k Kron 1992 and rcfmences tllcrcill) in cwccss of IllaIly  quicsc.mtly cwo]villg galaxy  ]ncide]
]Jrcdictions, CVCII for an O]WII c.osInology that maxilnizcs tlIc voluII~c  (Maddox  c.! al. 1990); on tlIc
otllcr  IIalld  tllc K-band c.ou IIts have lmcII  cx])laillcd hy quicscc:lt]y evolving galaxy  ])o])ulations  ill all
00 =-. 1  cosmolog ica l  mode l ;  all O]WII univc.rsc  IIICKld or a flat univmc  with a noll-zc!ro cmnological
constant,  would ])rcdic.t  too lna.ny faint systmns (Cowie et al. 1993). ‘J’IIc slwctroscopic  suYvcys ill 11
and 1{ ])rovidc  furtllcr  contradictions: for c~xam])le.  tllc rcdsllift distril)utions  of tlic b]uc ])o])ulatiolls
are mlisistcnt w’itlI a non-cvo]villg  galaxy disi,rihutioll  (Ilroadllurst,  l’;llis and Shanks 1988, Collcss
C’t  al. 1990),  ai, variance with tllc interJ)retation  of tllc l)luc ILulnl)m  count  data. 011 tllc otlicr
IIa]ld, tile rc(lsllift-I[lagIlit~l(lc  distributions in tllc 1{-halld m]uirc  al)out a magIlitudc  of luminosity
evo]utioll in K (1’;lston  1992, private collllllllllic.atic)ll).

(Juidcrdoni  & l{occa-\TollIlc!raIlp;c  (1990, 1991 )  and  l{occa-Vollllc’lallgc  & Guidcrdoni  (1 990)
have been able to fit tile blue band ])hotolnetric.  and rcdsllift data with a self-consistent mode] by
citllm  adopting a low value for Q and a. high value for Zj, 01 1).y ]ncrgillg  pl’oc~sscs. Silnultfinmus
fits of the Lj allcl  K ballcl  ])]lotomctric  and rcdsllift data IIavc been acllicvccl  (Ilroadllurst,  l;llis L?
Glazebrook  1 9 9 2 ,  Carlhcrg  & Cllar]ot  19!32, l,a.ccy C( uZ. ]993) with a si]nilar a})]mal to lnergillg,
and also to starbursts.  Anotllcr  sugg;cstion  IIas been to illvolw  a ncw ])c)])ulatioll  of galaxies IIOt
SCCII ill tlIc local surveys (Cowic ct al. 1993,  Cole, ‘J’rcyer  &, Silk 1992). Again tile tilnillg of tllc
bright ]lllasc  of this new }Jopulation is acljustcd  to lnatc]l tllc olmrvations, but  p]lysical  argulllcllts
have bcxm ])ut forward that suggest that this scenario mig]lt  IIot be ullrcasonal~lc  (Ilahul  fi l{ecs
1992). III contrast, 1<00 & KroII (1992)  usc a IIlix  of blue, constant star forming galaxies wit]]  a
steel) low eIId lulninosity  function, and a 7ior711c/1  ])o])ulatioll  lIlodcIlled  l)y declining s t a r  forlnillg
rates to model the multi-  ha]ld  IIu II~lwr coul]ts  and also tllc rcdsllift  distril)utiolls. Wang  (1 991)
uses a dusty galaxy  model w’itll strong  evolut, ion to rc])roducc tlIc Lj al)d K llulnl~er  coul Its wrllile
trullcatil)g  tile rcxlsllift  distribution via intcrlia] exlinctioll.

‘J’IIc  IIulnbcr  of models tliat  IIave I)CCII ])rcscIItcd  and their dif~crellccs  illdicalc that tlic da ta
arc dcF;mlmatc  to tile lIulnl)cr  of fitting  ])aramctcrs, therefore  successful fits CaII be ol)taillcd by
diflmcnt  modellcrs  with diffcrmlt  c.olnl)infitions  of starting  assumptions and values for their  lnalIy
])aralnctcrs.  ‘J’liis  malics it very diflic.u]t  to coIII])arc! aIId contrast tllcir r e su l t s .  ‘J’IIc  ])IO1)ICIII  is
exaccrba.t,cd  by tllc fact, that the analytical lnodcllillg  tcc]llliqucs wllicll  arc usually used to iliter])rct
dcc]) galaxy  data arc lil[litcd ill their ability to deal sc:lf-cc)llsistc’lltly  with tl~c cnor]nous coln])lexity
of tlIc ])11 ysical  ])roccIsscs  involved in galaxy cvolutioll.

‘J’lIG situation is furtllcr  coln])licatcd  hy tlIe fact that tllc galaxy count data tlIcmsclvcs suffer
frolI] a lack of COIISCIISUS  - hfladdox ct. al. ( 1 9 9 0 )  clai In all excess  ill tllc galaxy cou]lts over 11o11-
evolvi]lg  II)odcl ])rcdictiolls  at /)j v 17, wlli]c:  h4ct,  calfe ct 01. (1 991 ) clail)l  that the excess does IIOt
occur till Lj >21. ‘J’IIus  the models arc often l)aswl  011 arl)itritry  IIorlnalizations at tltc l)ri~;l~t  CIId,
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AIlotllcr sllortc.oloing  of cxistillg IIICNICIS  is t.lIat  tlIcy igllorc  tlIc 2-di]nensio]lal  distrihutio]l  o f
galaxies cm tile plane of tllc sky. ‘1’hesc models tllercforc  usually ig;]lorc  suc.11  ])ote]iiially  iln})ortallt,
d’ccts  as the distribution of surfiice  brightness aIIloIlg  galaxies, tile effect of surf  am l)rigllt]lms
dimlning  cm (Ictcc. tal)ility,  c.oufusion  aIId c.lusterill~;  , or tllcy nlakt’  limited a]lalytical  corrcctio]~s  for
ill(w).

1]1 this series  of papers we take a ]Icw ]nodclling  al)proach,  dcsignd  to address soIIlc of tile
lilnitatio]]s  of earlier moclcls.  Wc have developed hlontc-Carlo  simulations that CaII Ilot  oIIly incor-
])oratc  t]Ic known propmtics  of local galaxies II~uclI better than alialytica]  al)])roac]les,  but, w’liic.]1
also for tlic first, time model tile 2-1) distril~ution  of galaxies olI tllc plane of the sky.

Our philosop]ly for t.lIc Monte-Carlo silnulatiolls  is tc) take  into acmullt as many of t]lc importal!t
])llysical pro]) crtics  as WC call  to dcscribc local galaxy po])ulatio]ls , and IIc)t  to limit tlIc variables
to the IIulnlmr  of ohscrval)lcs. While tllc local ol)scrvatio]ls of galaxies arc: used to constrai][  SOII)C
of these para]nctcrs,  tlIc less well constrained paralnctcrs  arc trcatd as varialdcs whose dfcc( OII
dcq)  galaxy  data can be studicxl. Our aim is to si]nultancous]y  study  tllc UV through far-i nfrard
])ro])mtics  of galaxies and carry  out dirw.t c.om])ariso]ls  wit]] the ol)scrvcxl galax~’ counts, colors,
and rcdsllift  distributions. III tliis ])a])cr, wc Inake tlIe sim])]cst  and lnillimuln assuln])tions  required
to silnulatc  field galaxy  distributions , and usc the hc+t availahlc quicsccnt galaxy evolution lnodels
which km]) track of the mctallicit-y/dust  content as the stellar po])ulatiml within tllc systcvn CVOIVCS.
‘J’lIus  tile II IOCICIS cx])lic.itly  take  il]to account  tlic cwtiI[ction  and clnissioll })ro])ertics  of  dust  as  a
functiol] of tilnc. ‘J’IIc star-burst galaxies t,llat  lIavc rcccived  so muc.11 attcIltioll  from rcccllt results
of blue and far infrared galaxy  surveys are cx])lic.itly  ignored. We will defer tlic effects of relaxing
tllcsc minimal  assuml)tions  to later ])a])crs, wllicll  will (1 ) ex])]orc tlIe cll’ects  of varyi]lg otllcr
])arametcrs  and of rdaxiIlg  va r ious  i]litial  assuln})tio]is;  (2) extc]ld (Ilc fits to otllcr  w’avelc]lg;tl]
rep;ions,  I}cgi]lnillg  wit]]  GO//ltl  ill tlIc far ill frard;  (3 )  aIId ilivcwtigate  tile cfl’wts  of  i]lstrumc~ntal
noise, sky noise, swing,  co]} fusion, clustering and forcgroull(l  galaxy  cx(i]lctio]l  011 tllc derived source
counts.

‘J’lIc silnulatio]] ])roccdure  is desc.rilmd  ill scctio]i  2 . Scc.tioll  3 describes tlIc galaxy  evofutioll
lnodc]s. Section 4 ])rcscllts the results of tile bj and K band simulatiol)s slid compares to tlloln to
tile obscrvatiolls.  Section .5 co]]tai]ls  a discussio]l  of tlIc results. Section  6 suInlnari7m our wolk.

2 The Simulation l’mcdum

IIclow we })rovidc a brief dmcril)tion  of tllc ]Ilodelli]lg  tccll]liquc. ‘J’IIc silnulatiorls presented lIcrc
arc all cxk]lsion  o f  t}Iose  l)rcsclited  l}j~ Cllokslii  &?, }Yriglit  (1 9S8), ~rllicll  co]ltai])s  fllrtl]er  dctai]s
of tll~ MoI~tc-Carlo  ])roc.edurcs. ‘J’IIc models Icly on all understanding of galaxy properties ill thCI
l o c a l  u]liversc:,  a]id cxtra])olatc  tl]e]n  to IIigllcr  rds]lifts  bad OII tllc CIIOSC.11 coslnological  II Iodcl,
passive skllar  cvo]utio]l, and ac.tivc  cvolutioli of tllc star forlilatiol[  rate. wil,fiil]  galaxies. ‘J’IIIIS
tile lnodc]s arc sul~ject  to t h e  ullccrtaillties  ill tile local galax~~ olJser\’atiolls,  f o r  exaIn])lc  tllcir
colors, lnorl)llo]ogical  distril)utiol) ,  aIId clustcrillc;  ])ro])crtics. Also. difl(’rellt  lil)raries in stellar
cvo]utiol)a.ry  tracks, and/or  diflcrmlt isoc.llm]lcs  ado])tcd for galaxy  evolution II Iodels  i]lfluelicc tllc
results. h40dds usi]ig oIIly stellar tracks clltail clisc.c)lltillllitics  ill tlIc ])lloto]llct]ic  cvolut,io]l  of early-
type systcIIls  as suggmtcd  hy Chariot &r ]Iruzual  (1991). Our II Iodcl uscs a lIoIIlogcIIcous  set, of
sIIIootlI  isoc,llroncs dc$]li]ig  a co]ltilluous sequeIIcc ill mass alId ages covcrillg  allnost all cwolutiollary
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]~lIase.  WC: will discuss tlImc ]milits  ill Inorc detail in Sect. 3.

2.1 T h e  l)istribution  on the  Sky

‘1’lIe silnulations  arc carried out within aII augu]ar  area 15’ X 15’ olI tlIc sky. ‘J’hc cosmological
paralnctcrs }l., f10 and the rcxlsllill  of galaxy formation zj arc treated as variables. in addition
wc im])osc  a maximum mlshift  limit, 011 the rcmlting  simulatio]ls of z,T,aT=-~5, ot limit file size. ‘J’hc
local density of galaxies is determined by iutcgrat,ing the chosen  local luminosity function h a
miuilnum  luminosity of 10 - 41,*, giving a volume dcmsity  TIO = 2.075 x 10-]IL3 Ivlpc-  3 (h = lfO/100)
for the luminosity function of l’;fstatlliou, l’;llis  & l’derson  (1 988) (sew next  section for a discussion
c)f the sc]cction  of ihc local lulni Ilosity function). ‘J’he nulnlwr  of galaxies pm cluster is assigllcd
according to a power law ranging from ~ 102 - 104 IIICIUIXXS pm cluster with au average of 103.
‘J’hc average sc])aration  of galaxies witliill  tllc clusters is based oII t,lIc s])atial two point  correlat,ic)n
function givcw by l’cwblcs (1980) and is indcpcndcmt of rcdshift.  ‘J’hus tlIc amplitude of the galaxy
corrclatio]l  fu]iction dm.rcascs as tlIc bac.kgrc)ulld  dmisity  o f  galaxies inc.rcascs at h i g h e r  z. l“or
individual  dusters  tlIe clustming  leugtlI  clla]lgm according to a })ower law to silnulaic  tight  CJI
diflusc c]ustcrs.  ‘1’he diflusc c.lusters am large cnougl  I to cflcctivc]y  silnulat.c ‘(field” Cuvirolllnent,s.
‘J’IIc  cluster Incmlmrs arc ])la.c.cd at the eIIds of a rajldoln walk ]) IOCCSS and only tlIosc  Incmhcrs
t.llat fall within tllc rquircd field of view arc collsidcrcd  for furtllcr  silnulatio]ls. ‘J’l Ic clustering
]Jrocmlure  is disc.usscd  in Inorc detail ill Cllokslli &, Wrig]lt (1 988).

2 . 2  ‘J’he  l,ocal I.uminosity  lf’unciion

‘J’lIc  local luminosity function (1,11’) is OIIC of the IIIOS~  iInl)ortallt  ])aramctcrs  U})OII wllic]l  IIIOdelS
for din]) galaxy  saln])les  rest. ‘JIIIC fullctioli  is usually ])a.ralnctcrizcd  with a Schcchter  (1976) forlll:

~)(],)dl = f/)~(l//lJ*)’”clp  [- ]./).”]  (/(1//].”) (1)

w’llcrc ~}*, I,* ancl & dcfil  Ic tllc cllarac.tcristic  s])acc  densi ty and tltc lulniuosity  at tlIc klIw? of tllc
fullctioll,  aI\d tlIc slo])c of tllc fiaillt  CIId of tllc function.

i n  l’igurc 1 wc slIow’ several rcccIItly  ])ublisllcd  field lul Ili Ilosity fullctio~ls. “1’lIc ])arametcrs
descril)ing these  functions arc ])rwwlltecl ill ‘Jkl)lc  1, cxcc])t for tllc com]msitc  fuuction of Carllmg
al~d C,llar]ot.  ‘J’here is qllitc a. rallg;c  in tllc values of @*, f14* and o fo r  tllcw  fullcticms.  If wc take
this large dis])crsiol)  as a lnca.sure of tllc uncertainty to wllicll  wc actually kuow tlIc true value of
tllcsc ])aramctcrs  in t,lIc’  local u]livcrsc tlIcll  clearly tlic rcsulti]ig predicted nu]nl)er cou]lt,s  \\’ill  nave
corres])olldi]lg  significant u]lccrtaiutim. M o s t  mode]lcrs sccli to litllit  tllc Iillcertaiuty  iu at least
OIIC 1,11’  })aramc’tcr,  ~~”, by  IIorlllalizillg  tllcir Inodcls to t,lie bright CIId of tlIc IIu InlJer cou IIts. III
this ])a]m wc retain  ~~* as an illdc]m~clcllt  ])aral]lc!tcr  bccausc  tlicw  is collsiderahle  disagremnclit  ill
tllc observed level of tlIc l)lue lIu IIlljcIr  cou]lts at l)rigllt  ]nap;liitudes  (Slla]lks  1 990). wliicll  of course
reflects tllc u]lccrtaillty  ill q’~* itsdf.

Our approac.11 is to, run our siluulatio]}s  using IIIOrC tlla]i OIIC local 1,1’ so that wc CaII judge
d i r e c t l y  tile dfcct on tlIc models of  tllc ullcertaiuty  iii tlIc local IJ1’. \Yc have  selected tllc 1,1’
of l;fsta.t]liou  ci (Il. (1988) as our basel ine 1,11’, and also ruu solnc siluulatiolis  using tllc 1,1” of
l’rallceschiui ci al. (1988), and that of Shauks,  as given by Metcalfe ct (Il. (1991; see also Shalllis
]~~()). Jf/c take  t]ICSC  tllrcc ],]1’s  as re])rc:sc’lltative  of tllo rallgc Of ValUCs o f  ~J*, hl - aIId o dis])layd
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Several studies  IIavc found a dqxmdmcc  of IJII’ slIapc  with morl)hologic.al  tylm or color.  ‘J’hc
1{.SA sam})lc  of l;fstatl]iou  ct al. SIIOWS somo cvidcncc for tllc late ty])c galaxies (Iatcr  than SC])
to IIavc a fainter A4* by w 0.58 magnitude, therefore wc IIavc adopted this magllitudo  di[fcrence
for Scl and later types for this 1,1’. ‘J’ll(!  dist.ributioll  into  various lnor]Jllological  cla.ssm is dcrivc!cl
froln tlic Second  Rcfcmmc.c  Catalog of IIright  Galaxies (dc Vaumulcmrs,  dc! Vaucoulcmrs,  & Corwin
1976), and consists of 10% elliptical, 18% SOS, and 72% spirals.

l“ranccschini et al. (1988) exploited a complctc  saln])lc of 1671 galaxies with m,, s 14.5 map;.  ( or
?nl) ~ 14 lnag. ill so]nc arms),  excluding tllc Virgo c.luster rcgioll  and ohjccts  with cz < 1000 k?n s- 1.
‘J’heir sam]dc was divided into  two ]Ilorl)llologic.al  bins: 1;/S0 a]~d S])iral/lrrqqular.  WCI dmivd
Sclleclltcr function fits to tllcir early slid late type suhsaln])lcs. ‘J’lIc resulting va]ucs of J4* arc
given in ‘J’al)lc  1. ‘1’l]c early ty]x: systems slIow a flat low luminosity cl)d that is silnilar to tllc
l’;fstatlliou  function, wllilc  tllc S1O])C  of tl)c faint, c])d for tllc la.tc-type systclus  is stec]) (cf. ‘J’alJlc  1).
IIltcgratillg  tllcm lumi]losity functions  to 17t,11  lnagnitudc  ill tlIe l)luc  yields tllc r e s u l t  that lo.8(X,
of galaxies  arc. in tile car]y class and 88.2% arc late-ty}~c. ‘J’he local volume density obtaind  by
illtcgratillg  tile 1~1’ to tile limit of tllc simulatiol[s at 10- 41,” is ?10 = 0.9656//:3, wllicll  is ~ 4 tilncs
tile dcmsit.y  derived from tlic l;fstatlliou  fullctioll.

‘J’lic lulninosity  function prc.smltcd by Shanks (1990) IIas bccIn dividml by tllc~n i]ito 11-1~  co lo r
bills. ‘J’lIc sa~nplc  is l)aswl  ON tlic AARS survey of l’ctcrson  ct al. (19S6). W]lilc tlIC slla~)c  of this
functicm hears some rcscmblanc.  c to the 11’rallccxscllini  cf al. function, tllcrc!  is a diffcrcnlcc  l)oth in
t!lc norlna]iza.tion o f  the diflcrcmt,  galaxy  cla.ssm a.lld a l s o  tllcir ]ulnillosity scale.  ‘J’]Lus at 1,” t]]c
Shanks  function is dominated by clli])ticals  and SOS (their Id class), and tllc I)reak in tl)c function
occurs at systematic.ally Lrigltlcr  magnitudes for tllc later type  galaxies. ‘J’llis is ill contrast 10 tllc
results of both  l’;fstat]liou  cl CI1. and l“ranccschi]li  ct al.. ‘J’lIQ  dmlsity of p;ala.xim clciived from this
function is N 3 tilncs lligllcr  than tllc onc used ill our baseline mode]. Witl( this function, the red
1’;/S0 galaxy  class colnpriscs N 26(%, tllc intcrmccliatc  color class (Sa-Sl~)  colnl)riscs  N 25% and (Ilc
blue class tlIc rclnainin~  w 49(fi of tlIc total  ])o])ulation.

2 . 3  Galaxy Simu]at,ions

Simulations of individual galaxies arc also carricxl  out ill a Molitc-Carlo  fasllio]l  SUCII that tllc overall
dis!ributioll  in ])ro]mrtics  fc)llows tlic assigllccl  cm})irical  or a]lalytical  l a w . ‘J’lIus,  lulnillositics  of
galaxies  arc clloscn to follow tl]e sclcctcd 1,1”.

‘J’llc distril)utioll  of tlIC disk-  tc)-l)ulgc  ratios of s])irals is adoj)td  frojl~ Kiltg ,0 l;llis  (19S.5) iIItd
lie Imtwec]] 25-75% for SOS and 1-30% for s])irals. Scale sizes  are dcri~cd  fro]ll tllc cm])irical  rclatio]l
be.twccn surfaco l~rigllt,llcss  and scale size of ‘J’l)o]nsml  &. 11’rallsdcll  (19S3)  fc)r clli I~tic.als  aIid l)~tlgm.
A constant central SUIPACC Lriglltlless  is assulned for s])irals to dctcrlnine  their  sc.alc sim~.  Galaxy
])ositioll  angles on the ])]anc of tile sky are ulliforlnly  distributed I)ctw’mll  O-l SOO. ‘1’llc ratio of tllc’
lnajor to tllc miller  axis is ulliforlnly  distril)utcd  I)ctwccll 1-21 for disks, 1-7 for ,$’0 and bulges, and
is dctcrmillecl by tllc ty]m l.’O-l;? for clli])ticals,  and this ill turn  fixes tllc inclinations ]jer])clldiculal
to tllc plane of tll(!  sky.

l’;acli  lllc)r])llolf)g~ic.al  class is assigllod a rallgc of galaxy s])ec(ral  c l a s ses Jvllic.11  Ic])rod  Ilcc,  at
tllcir prmmt age, tllc range in tlic observed o])tical-to-llear  infrared  colors  of local  galaxies. ‘J’lle
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galaxy  evolution lIlodcIls that we ado])t IIcrc are discussed i]i nlorc detail ilI tlIc followi]lg scctioll.
)1’or each silnulatml galaxy the total  flux at tltc Icst,  wavc]e]lgtll  corrcspondi]lg  to its rdsllift  aIId
agc is dcrivcc]  for the a])propriat~  slmc.tral  class. ‘l’l[is  Lroadl)alld f lux  i s  corrcctcxl  fo r  all illtcrnal
inclination dcpcmdent cxtillction  at the cpoc]l  of ol)scrvatic)li  in t,lle galaxy’s rest fralnc.  ‘1’llis  flux
is then  distributed onto the 2 dimm}sional plalic of tllc sky according to t,llc  surfac,c briglltllcss
])rofilc  of t,lle galaxy, which is a de Vaumulcurs’  law for clli])ticals  and bulges, and au exponential
law for disks out to six scale hgths. ‘J’hcsc  fluxes arc pixdisd  on to an array (18f)OX 1 800) in
tllc observer’s frame. We assume  that our galaxies arc trans])arcnt  to background systelns,  so that
fluxes from systems at cliflercnt  mdshifts  along a given line-of-sight arc additive. in a later paper
we will investigate the drcc.t  of obsc.uratiol]  hy foreground galaxies.

‘J’lIc image c.rcatcd  by’ tile ])roc.csses dcscrihml  above is a nc)ise-less, ilifiliitc  Sensitivity i~nap;c!.
‘1’0 truly com])are tllc simulated ilna.gc.  with real observational data it is necessary to add tllc M’ccts
of noise, i~lclucling  instrulnc)]tal  a]ld background sk-y noise , and sccillg,  arid tliml  to extract galaxies
froln tllc image using tllc same tcc.llniqums  that observers do. IN a])proac.llilig the simulated data
this way we can dircc.tly investigate tllc dfccts of selection biases, sucli as those cmphasiscxl  l)y 1{00
LT Kro]l (1992), aucl the other  two-d ilncllsiollal  cflc!cts  lnclltioliwl  ill Scctioll  1.

WC IIavc c.hoscn to defer this step of the analysis of our models to the second pa]w of tl(is series
(Cllokslli,  hlajcwski  and l,onsclalc  1993). l’or the currcNt pa]wr wc accumulate the numlwr  couuts,
mlshift distrihutiolls  and colcw distriljutions  from tllc illtcgratcd  ])ro]mtics  of tllc silnulatcd  galaxies
before they  arc laid down o]l tllc 2-dimensional grid. ‘J’hus  tile Inodd  distributions discussed in
Section 4 are the ])rc-imag(!  model gajaxies, IIot tllc ‘(ol>scrvcd”  mode] galaxies. ‘J’he rcasoll for
this is tliat it allows us to compare tlic ]nodc] results in this ]Japcl muc]t  more directly  with tile
result, s of ])rcviously  published analytical Inodcls.  WC feel t,llat  t,llis  is all im])ortallt  first stej) hforc
])rocccxli]lg  to ar] analysis of the ‘(obscrvd”  silnulatd  galaxies. 11’rauccscllil]i  et al. (1991) IIavc
co]lstructcxl  a si}n})lc  analytical mmlcl  for tllc 1{-halld counts  using tllc salnc galaxy cvo]utioll CO(1C’
as used ill this ]~a])c:r. We will discuss tllc coln])ariso]l  l)ctwcwli  their results  and tllosc froln our
silnulations  ill section 4.6. Suc.]i a com])arison  is all iln])ortant  test,  of any diflkrcnces  bctwecll our
silnulation  lnctllods  and a classical analytical ap])roacll.

3 Synthetic Spectral  l+;ncrgy 1 distributions

111 tllc! followiug  s e c t i o n s  we sumltlarizc  tl)c funda]llclltal  assum])tions  of tllc ]I]odol  w~l)icll  allows
us to derive tllc l)road-ha]ld s])cctru]n of galaxies over tlIe WIIOIC frcqucllc,y  ra)~ge, frol[l  tl]c lJ\~
(A= ().125 IIm) to the far-hi (A= 1000 l,,,,) ( scc hla~zci, Xu & dc Zotti (1992)  for lnore details),
as a ful)c.tion  of tilnc sillcr galaxy fornlatio]l.

We IIavc ado])tcd Scli:nidt>s  (1959) ])aralllctrizati[)ll, w~llc]ei]i  tlIe star- for]nation  rate (S1’1{),  +(1),
i s  ])rol)ortio]lal to soInc ]mw’cr of tllc fractimlal  ]nass of gas in tllc ~~laxy, .fg = ?)~gnS /71{goI, i,,itially
assulned  to IN: u]lity  (7nga I = 1o11 Ill@)):

+(f) : ?w’” IIIE) 3’1’”1.
}\Tc llavc adoptd  tile case n = ().5, advocated I)y Madorc  (1977).
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‘1’hc inititi]  Itlass function (IM II’), +(?//), has a SalIwtN  (1 95.5)  forJn:

“(’’’)(’’”= A (-:2 -”2:{’’’( -:,)) ml < 7n < I nu , (3)

with 7nu = 100 m@ and  ml =- 0.01 1)]~),

The  influmcc  of a different choice of the power law index , n, for the dqxmdcnc.c of tllc S1”1{
011 tlIc gas density IIa.s been discussed by hclazmi (1 988). ‘1’hc  effects of diffcrcllt choices for the
lMII’  and its lower mass limit,,  ml,  arc allaJyzml  ill Mazzci cl al. (1992) for late t,y})c systclns  and
in Mazzci,  de 7,0tti & Xu (1993) for early- tyl)c galaxies. ‘J1hc gmlcral  conclusion is tlia.t  tllc overall
evolution of late ty])c systems is weakly dc]~clldcllt  011 II, wl[crcas stronger diffcrcnccs could arise
for early- type systems.

III this paper, our baseline mode] uses the prcvious]y  cited gcllcral assu~nl)tions.  l)iscntangling
S1+’1/ and lMII’ evolutionary eflects fro]n c.oullts  and color ])rcdictiolls  is deferred to future ])a])crs.

‘1’hc galaxy is assumed to bc a closcxl  systmn, i.e. wc IIqglect  both w’illds  and inflow of interg-
alactic gas. Supernova drivcll  galactic w’illds  ]nay WC!]]  bc ilnportant  durilig tile early cvolutioliary
stages of clli])ticals, ])articular]y  fc)r lower ]nass ol)jcc.ts  (]lrocato ct al. 1990). on the other hand,
tllc c!xtcl)dcd  IIOt coronae .aroulld  tllcsc galaxies , indicated 1)*Y X-ray olm’rvations  (e.g. ‘J’rillcllicri
L’. 1+’abbiallo  1985),  m a y  iln])ly tl)c existcncc  of IIlassivc halos, capal)]c  of IIam})crillg  or cvcll  o f
})rcvcntjllg  steady galactic w’i]lds, or of accretion flows. in ally case, a rclialdc lnodclling of tllcsc
cficcts is very diflic.ult.

Also, the gas is a.ssulnw] to he well  lnixwl and uniformly distrihutcd. IIowever,  we do not
assu]no that rwc.,yc.ling is illstalitallcous,  i.e. stellar lifc!timcs  arc takcll into account.

‘J1lIC variations with galactic. age of tlic fractional gas l~lass jg(i) [and, throug]l q. (2), of
tl)c S1’’1{.,  ~~(1)] and of tllc g a s  ]netallicity  Zg(t) aIc ol~tai]ld  I)y nu]nerica]ly scdving  tile starlclard
equations for the chemical cvolutioll of the t;alaxy (’1’illslcy  1980).

3 . 2  ‘J’l~e l’hotometric  l’~vo]ution  Moclel

.’$tyltllciic  Starlight ,SpcctrvlIt

‘J’IIc  synthetic s])cctrum of stellar po])ulatio]ls as a fullctio]l  of tllc galactic age was derived froln
tllc (JV to tllc N I)alld (10.2 liln).  ‘J’hc co]itributioll  of a stellar ~cllcratioll of ag;c T tc) tllc integralwl
lu~ninosity  in ihc ])assl~a])d  AA is given l)y:

(5)
JvIL,,,,,,

wlIcrc 772 is tllc initial stcl]ar  lnassl ?ll~},;~~  is tile IIlillilllulll  mass rc])rcs(vltcd  in tllc isoclirolle, n7,, LO, (T)
is tl]c maxilnum  mass of stars still visil)lc  at tile agc T, i.e. tllc largest lllass Irllicll  IIas IIot yet
reacllcd tllc stagy  of either tllc final Cx]}losiol)  or of tile formation of a colla]md  rclnllant,  flfA,l(?ll, 7)
is tllc absolute magnitude of a star of initial ]uass ?I1 and age 7

lulllillmity  of tllc sun.
, and JfE~ : 4.742 is tllr hololllctric

‘J’]Ie  glol)a]  ]uluinosity  at galact ic  ap;c f is t]lcli  ol)taillcd  as t]lc suln of tllc colltri])utiolls  of all
car]ier  gcncratio)ls, wciglltml by tllc a])])ro])riatc  SII’1{:
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‘J’llc numbcrof  stars born at ca.c.11  galactic age t and tllcir IIlctallicity arcohta.illcxl by solving tlLe
equations governing tlie c.hcmica]  evolution, with t}Le SII’1{ al)d IM1’ sl)ccificd  above.

‘J’o  describe their distribution in tlic 11-1{  dia.grain wc have adopted the theoretical isoc.hroncs
clm-ivcd  by IIcrtclli c.i al. (1990) for metallic.itics Z= 0.001 allcl Z= O.02, cxtcncled  l)y h4azzci (1988)
up to 100 m. and to an agc of IOc yr. ‘J’hc isochrollm include all evolutionary phases froln the main
sc!qucncc  to the stage of ]Jlallctary cjcc.tioll  or of carl)on ignition, as a]}propriatc  given the initial
lna.ss.

l’ollowing  Sandage  (1986) wc vary the value of +0 [cq. (2)] froln 100 to 1 )I]c) yr- 1 to dcscribc
tllc c.hcmic,al  and photometric. properties of the galaxies of dif[crent  lnor]jliologic.al  ty])c!s.

Correction for lntcrnal Jhtindion

‘1’hc internal extinction has been taken into account assuming that stars and dust are well
lnixcd. ‘J’hc dust to gas ratio was assulncd to bc proportional to a power of the mctallicity,  as in
Guidcrdoni  fi Rocca-Volmcrangc  (1987). l’urtllcr  details arc givcll  ill Mazzci  et al. (1992).

3 . 3  l!hission  f r o m  Circumstd]ar  l)ust

‘J’]ic Inid-.  ]1{. cmissio)l  froln circ.uillstc]la.r  dust sllcdls  was assulncd to be dominated by ~]i/]]L stars
(SCC Mamci  et al. 1992 for a discussion). ‘J’hc sp(!ctrum of 011 27.2-} 0.2 (Ilaud  ct al. 1985) was
assumed to Lc rcprcscntativc for stars of this class (SCC also Cox C( al. 1986). ‘J’l Icm the total
lumi]iosity  of 011/IIL stars in the passhand  AA is givc!n  by:

w]lcr~ tACJ}J(?UUr)  is tllc time w]icn, ill our ]nodc],  tllc first 011/11{ stars  ap])car,  7J~1,cJ11(7 ) (> 7~~JlcF)
and mti,  OII(T)  (s mti], ) arc the minimuln and the ll~aximuln lnass of 011/11{. stars of agc T. ‘J’l Ic
cocflic.icnt  1’ is dctmnincd  from t.lic  condition that 011/11{ stars account for 1 O% of tllc observed
12 pln lulnil]osity of our galaxy (Ghosli,  l)rapat~, &. l)cppcl 1986; IIoulangcr  & l’~rau]t  1988). \Vc
find 1’ = 0.05, in good agrccmc]lt  with IIcrma]l & llal~illg’s  (1985) cwtimatc.

3.4 DifTuse  D u s t  E m i s s i o n

‘J’hc diffuse dust emission spcctru]n  ta.kcs  into account the contributions of two colnponcnts:  warln
dust, located in regions of high radiation field intcvwity  (cog., ill tlic IIcigliborllood  of 011 clusters)
a]ld cold dust, licated  by tllc gmlcral  interstellar radiation field.

‘1’lIC  model allows for a. realistic graiw size distribution and includes I’All molecules (SCC Xu &
l)c Zotti  (1989) and Maxzci ct al. (1992) for ]norc dc!tails). ‘J’ILc alnount  of starlight, absorlmd  and
rc emitted by dust is dctcrlniucd  at eaclI
a.bovc.

‘J’hc relative contributions of the w’arin
age: the warln/cold  dust ratio is assumed

till)c using tile ]nodc] for i]itcrllal cxti]lctioll mc]ltio]lcd

and cold dust components arc also evolving with galactic
to he ]jrol)ortional  to tlic star forlnatioll  rat{!.



3.5 Model Colors and Comparison with Ncarl~y  Galaxies

l“igure  2 shows the spectral evolution for ty])ic.al  elliptical and sI)iral  models as a func.tioll  of galaxy
age. ‘J’hc adopted @O for this figure arc 100 and 10 A4G) per year rcspcctivcly.  in l’igurc 3 wc
illustra.tc  the evolution of the rest frame rcddcllccl  and unrmldwlcd colors (ZJ – V) and (11 - K),
and (V — V). and (11 – l{)., of synt]ictic.  galaxies with five diffcrcl)t values of tlic initial star
formation rate, ~~o: 3, 10, 20, 35 and 100 m~yr- 1. Small values of +0 correspond to slow initial
star formation and slowly declining star formation rates,  tllcrcfore  we expect them to corrmpoud
to la.tc type systems. IIigh r/Jo values correspond to la.rgc star forlnation  rates and rapid dcclincs  in
SII’R with tilne,  ic. to early type systc]n5. l’igurc 4 shows the silnulatcd  (II-V)  and (V-K) colors
ill the observed fra.mc as a function of z for the two Q=O, I cosmologics  assuming 110=-50 and a
hig]l  rcdshift  of galaxy formation, Zf == 1000. Note that this high rcdshift  is intended a.s a limit mm.
Althoug]l  it may seem unrcalistic,ally high for the actual C])OCII  of galaxy forlnation,  tile diffmcncc
in time bctwcxm  z= IOOO and z=30 is o]lly 0.6 and 0.08 Gyr in the two cosmologies,  rcspcctivcly.

‘J’hc Lest compilations of optical and nc!ar-infrared multiapcrtum  data for nearby  galaxies to
c.olnparc  these model colors to are the Rcfcrcwce Catalogs of dc Vauc.ouleurs, de Vauc.c)ulcurs  and
Corwin for UIIV  data, and tlic dc Vaucouleurs  &. l,ougo (1988) ( L’ataloguc o~ Visual and Infrared
l’hotometry  of Galazics  from 0.5 pn and 10 pIIl) for long;cr  wavcdcngth  data. W{: have used these
IIctc!rogcllcous  sets of multiapcrturc  data for local galaxies to dc!rivc  colors, a])crt. ure c.orrccted  to log
A/l) == O. ‘1’hc UIIV data have been corrcctwl  following the RC2 (dc V~ucoulcurs,  dc Vaucoulcurs  &
Corwin,  1976), and the growth curves in V and 1{ have LCCIL dm-ivcd  from the data. in de Vaucoulcurs
& ],ongo (1988). All data have been corrected for galactic reddening following the maps of ]Iurstcin
& IIcilcs (1984). WC grouped galaxies of similar type as follows. Wc define as 1;/S0 all vcry-carly  -
ty])c galaxies i.e. systems classified with a. value of tlic paralnctcr 9’, as defined in the I{C2, sucli
that 7’ s -1. Sa galaxies arc those c.llaractcrizcd by O s 7’ < 1; Sb: 2 s ?’ S 3; Sc: 4 S 7’ S 6;
a.lld tlic relnaillillg  systems are lrr.

‘1’hc resulting mean obcrvcd colors < (J - V >, < V - K > and < l) -~ V >, as a function of
tyl)c arc shown in tile upper  ]mnc] of ‘J’ahlc  2, a]ld tllc distribution of colors for all systclns,  and
for spiral altd irregulars alone , arc sliow’11 in ]1’igure .5. ‘J’lic.sc mean colors arc ill good agrec]ncllt
with previous work (Aaronson, (1 978); dc Vaumulcurs  &t dc Vauc.oulcwrs, (1972); scc lowm panel
of ‘J’a.l~le  2).

‘J’lIc simulated rcddcncd  colors CVOIVC very s]nootll]y  after  a galactic age, ‘J’, ?’ ~ 12 Gyr  (1’’igurc
3), in good a.grccmcmt witli tl~c obscrvatiolls. III particular t]lc ]arge dispersion in th(! olmrvcd
colors of ]atc-type galaxies (1,’igure  5) is rc])roducm]  by cllallgillg  Lllc initial star- forlnatioli  rate @O
by a factor  of about 3 from 3 to 10 (] ’igurc 3). ‘J’lic cc)lors of 1; and ,$0 galaxies arc well mate.hcd
I)y tllc IIigllcr  +0 models.

As dcscribcd  ill Scctioll  2, for tllc sinlulatiolis  cac.11 lll(~l])llolc)gical  class lnust be assigllcd  a rallgc!
of )nodcl galaxy spectra] classes, df!fi]lcd by their  illitinl  star forlnatio]l rate, ~~o. l]asml on l’igurcs
3 slid 5 and ‘J’able 2 we selcctcd 50 < #)() < 100 for dlij)tic.a]s  aIId galaxy bulges; tlIus for ca.cll
silllulatcd  clli])tical  or bu]gc a value for 4J0 is ])ickcd ralido]nly to lie iu this range.  ‘J’IIc old disk
l)opulatiolis  of ,$& liavc 10< @~ < 50, a]ld S’a-,$d  s])iral  disks al)d It/s arc dcscribcd hy tl(c! range
10 > I/h) > 1. ‘J’]Le  distribution of galaxy  ty]x!s ill tllc silllulatiolls is x:x:x:x  for l;: SO: Sa-Sd:Irr
relmsctivcly  (see Chokshi and Wrig]lt 1988).
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4  ILcsults

4.1 Tile Simulatecl  I m a g e s

our standard models comprise 15’ x 15’ simulations imagc!d cm a 1800x 1800 pixel array in ca.ch of
the broad  band Lj and 1{ filters. l“or tlic K-band  silnulatio]l wc lIavc used tile K-band  filter fulic.tioll
of Wainscoat  & Cowic (1992) while tllc bj band filter function  was provided by Majewski  (1992).
lU pla.tm l-IV we show the central 5’ x 5’ of the silnulatccl  ilnagcs with a clioice of II. == 50, a ga,laxy
formation epoch Zj== 1000, and the l{;fstathiou  1,11’. l’latcs  1 and 11 show tl]e simulations in bj and
K for (l.=O and 111 and IV show Lj and K for {l. ==l. l’latm V and VI arc the same a.s ]Jlatcs 1 and
11 but  for zj==3. ‘1’IIc  images arc dis])laycd  on a logaritll]nic  flux scale.

It is possible to pick out some of tlic differmcws  cx]mcted  in the different cosmological modc]s
in tllcsc p]atcs. For a fixed Zj the difl’mxwcc in tllc volume elmncmts  dominatm  the K plates: t.hc
]argcr vo]umc c]clnclLt for t]ic QO==O cosmo]ogy  (] ’]atc ]]) rx!su]ts  in ]Iighcr space dens i t i e s  at a]]
flux densities thar~ in the QO=I ca.sc (1’late IV). IJ1 tllc hluc Lalid, evolutionary cflkc.ts cause the
l~riglltcw galaxies to al)])ear more IIunlcrous for flO= 1 (1’late 111) but  tllc flO=-O image (1’la,tc ]) ]Las
Inorc numerous faint galaxies as the volume clclncmt  effect overshadows evolutionary cfl’ccts.  l’or a
fixed f.lO=O, tllc  I!lj image With lower z~ (1’late V) show’s a larger  surface density of brig]lt galaxies
colnl]ared to tllc high Z-J model (l’late 1) due to tllc youll.gcr  agc ill tllc low Zj lnodel. ‘1’lLc lower ZJ
ima.gc  at K (1’late V]) has similar surfwc dcusitics  of Lrif;llt galaxies to tllc high z~ model (] ’late
11) due to a less dramatic age effect, but it SIIOWS tlIc cfrcc.t  of the lower rodsllift limit ill tllc lower
surface density of faint galaxies.

4 . 2  Number counts

‘J’IIc IIulnlmr  counts  derived from tllc simulations arc SIIOWI) ill l’igurcs 6 to 9. WC caution tile
reader  that for simulation count  lcvcds below shout 100 }mr square degree the cou]lts arc subject to
sigllifica.rlt  statistical uncertainty: a count  ICVCI of 100 pm scluarc dcgrcw corrcspol(ds  to oIIly  6.25
silnula,tcxl  galaxies in tlIc 0.0(j25  square dcgrccs of t]lc silnulat,ml  image.

ltI 1(’igurc  6 we show tllc nulnbcr  count  relations derived froIn tile simulated galaxies in tho flj

and K bands for our basc]inc mode], w]licll  has }l. = 50, zj= 1000 and uses t]le F, fstathiou  cl a/. ],](’.
WC! SIIOW Inodc]s for two values of flO. Also SIIOWII arc tllc ohservcxl  IIumlmr  counts from h4addox CL
al. (1 990), l,illy et al. (1991), arid ‘J’ysoJ) (1988) ill tllc Lj ba]ld and Mol)ashcr,  l’;llis  and Shar])]cs
(1986),  Glambrook  (1991), JcnkilLs  & licid (1991), and Gard]~cr  (1992) ill tllc K-ba]ld.  l)oth  the
f10 Inodels  fit the hrigllt  !tj < 2 2  C.ollllt,s rcasollahly  We]], wllilc  tile fl,, = O lnod(!] producm  a g o o d
agrcmnmlt,  to tl~e 1{-l~aIid  data to tlic limit of tllc faintest sur~’cy.

l’igure 7 SIIOWS tllc c.llarlges  in tlic o])tical  and illfrarcd IIullllm  count prcdictiom  for 110 =. 100.
l’or the higllcr 11., the blue IIunlhc!r counts arc IIot affected si.gllificalitly,  whi]c t]lc ]{-counts  arc
rcduc.ed  by a factor of 2 i]) a flat cosJIlo]ogy.  ‘J’llis is because it takes  time to bui]d a. sigjlificant rcd
giant  ])opulatioll and for a galaxy s])cc.truln  to devc]op  a ‘ICCI IJUIII1)’.  III this  case, for f]O =. ] a
galaxy at z=- 1 is only N 2.4 Gyr old, w]lilc its agc is e 5 Gyr for a f10 u O cosIIIology.  IIcncc,  tlic
reduc.tioll  of tllc 1{-llumbcr  counts  is CIUC to few galaxies c.olltributi]lg  at tllesc brightness  levels.

l’igure 8 shows tlkc c.lianfys in tllc optical and infrared Iiumbcr  coulit prcdictiol]s for 2j==3 and
5 rcs]wc.tivcl.y.  l’or flO== O, tllc IIet cfl’cc. t of dcc.rcasi]lg  z~ is to i]lc. rease tllc! c,oullts  aIId c.ausc their



t u r n o v e r  at br ighter  magllitudcs,  lmcausc tlLe tllc galaxies arc youtigcl  and briglltcr  in the Iatcr
forll~atiol~  c] Jocllll~odcls.  Ascxpectcd  tl~cc:flect  islargcr atslloltc~r~  i?avclc:l~gtlis(  lucto][~orcactive
star formation in galaxies at the salnc z. l’orcxalnplc,  tll[!  agc~of agalaxy  at z=] is 10 Gyr  for
21 =: 1000 compared to 6.6 Gyr for ZJ = 5, ill all Q!O =. O cosmology. in a critical univcrm  model,
the diffcrmcc  in age is smallm-,  reducing from & 4.7 Gyr 1,03.8 (;yr. The  mmlts suggest  that a. low
zj, lC)W QO model produces a good agrcemelit  to tile dcw])c!st bj and K-band  number count  data.

l’inally in l’igurc  9 wc show the cfll~ct of using the lulninosity  functions of Francmchini  et al.
(1988) and Shanks as compared to the Nfstathiou  d u1. function , for zj e 1000. ~’hc steeper faint
end slope of the Franccschilli  function rcsult,s in a divergence of the counts based on this function
from those based on the IMstathiou function. This divergence occurs at brighter  mag]iitudes  in a
flat cosmology bccausc  at a. given apparent magnitude wc arc salnpling  further down the luniinosity
function for this cosmology and therefore arc seeing a larger Meet due to the diverging faint mid
slopes. ‘J’hk increase in the QO = 1 couuts  accounts for all ilnproved  fit for the 11’ranccschilli  I,F to
I!)j <25 counts. 011 the other hand tllc Shanks function results in counts that arc similar to those
based on the ]i;fstathiou function, producing slightly higher counts  for t]lc QO=:O case in both bands,
and virtually idcntica]  counts for flo =. 1. ‘J’llis slnal] cllaligc  ill IIunll)cr  counts  is accounted for by
the similarity in the density of galaxies near tllc hrcwk of tllc Schecllter  function a.lld the smaller
density of late type systems relative to tllo early type galaxies at Lriglit absolute lnaglIitudcs.  ‘J1lIC
large  nulnlm  of faint blue systcuns make tllcir al)])carancc for this function  at fluxes just hclow tile
observable ]ilnits.

l’rom l“igurcs  6 to 9 wc can co] Lcludc that for an QO=O mode], tl]c blue and K balLd counts
can bc fit simultaneously throughout their whole raligc,  wllichevm of the threw 1,11’s is used, but
o]Lly if zj is low (<5). ‘J’IIc  value of 110 is not very ilnportant  in a low Q model. A high value
f o r  zj sig:lific.alitly  undcrproduc.m tlic blue counts  for all tl[rcc I,Fs. A Lest fit model for QO=-.O
cou ld  be ]nadc with a. range of forlna.tic)n  epocl]s  bctweml  3 and 5 for citlm tllc Nfstatlliou  or
tllc l“ranccscllini  function, tllouglL  such a IIic)dcl  would fall a little snort of tlIc Lluc counts fainter
than 26tlI magnitude. Since the Shanks func.tio]l  producx!s slightly IIigllcr  overall blue counts, a
con~~)ositc  best fit, could be achieved for it for a rallgc!  of sliglitly  larger  Zjs, and this fit would hc
sol~~ewlla.t  better at I!)j > 26 than ]Iossil)lc  with tllc other  funct ions.

‘J’lIc fit to the blue and K band counts  is not as good for a critical $10 = 1 cosmology. All three
1,11’s  sig{lificantly  underproduce tllc 1{ counts fiailltcr  than  1 7th Inagllitudc,  whatever  the value of
zf, wllilc tlic b]uc counts  arc fitted only l)riglltcr than  2211d  IIlagilitudc for tllc l;fstat]liou  cl al. and
Shanks ],]4’s if z~ is high, and about one Inagllitudc  fainter if ,?~ is low. A better fit to the faintest
blue cou]lts is possible wit]) tlic l’rallc.cscllilli  function (to 2(itll  lnag;nitude  wit]l  a low z~); however
this ]nodc] may overproduce the l~riglitcst  Mue counts, and is no better  than the otllcr  functions at
fitting the K band data with QO= 1. l’or flo = 1, raising 110 al~ov(! 50 worsens the fit, especially for
tllc K Counts.

4.3 lldshift  IJistributions

l’igurc  10 SILOWS  tllc simulated blue baI]d rcdsllift distributions ill tllrcc magnitude rallgcs for tllc
l)aselillc  ]nodc], wllilc l’igurcs 11 to 13 snow tllc efli’cts  of cl[allgillg  .zf from 1 0 0 0  to 5 and of
rcplaci]lg  the II; fstatlliou  1,1’ with tile Shanks slid tllc l“rancc’shini  1,11’s, rcspcctivcly. ‘J’able 3 SIIOWS
t]lc means  and variances froIn t]le dif[mmt  model silnula.tions  c.o]n])arcx]  to t]lc observat ions of
IIroadllurst  Ct al. (1988) and COIIMS ct al. (1990) ill tllc range  20<  Lj ~ 2 2 . 5 .
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wj~],i]l ~],~ st,~tisti~,~] ~,*,~(,~t~i],~i~s  of t],~ si],,~]]~tio])s,  a]l l,]l(! ]]) O[]()]S  witli QOL(), CX(N])t  t,llOSC

wit,ll t,hc lowest zj =: 3, arc in reas”oliab]c  agrc!cl]lcnt  with tllc data , sllowillg  ]nca]l  rcdsliifls  l)ctwccll
eO.23  to RO.35. ‘1’lle  best agrccIncnt  is acllicvcd  witli tllc stcc]) low-c]id  SIIa]Iks ],]1’,  Q,, == (1 Inodc],
o r  a lrrallcmllini IJII’ for  botlI tlIc cx~rcmc  LIO Inodcls. ‘1’IIc  f20== 1 Inodds  arc systmnatically  less
suc.ccssful, predicting tails to high rcdsliift that arc IIot observed. ‘1’hc qualitative cliffcrcncc in N(z)
hctwccn  the flo models is a direct  outconm of the behavior of lulniuosity  distance in the two cam;
galaxies get dimmer  faster as a function of z in a low Cl. moclcl. “1’hus in flux lilnited surveys, onc
preferentially picks up low z galaxies coln])arcd  to the Q. = 1 case.

4.4 Magnitude Distr ibutions

Figures 14 to 17 show the distribution] in observed (k. present epoch)  absolute magnitude for the
sa,mc apparent lnagllitude  bins used for tllc rcxlsllift  distributions. Wc sw! little variation bct,w~!cn  the
clistrihutions  prcdictcd  by the various models, cxc.ept  for t,llc  extension to faint  absolute Inagnitudcs
for tllc l’ranccschini  QO = 1 model, which explains the bchaviour  of tllc counts in l“igure  9.

4 . 5  C o l o r  IIistribution.s

l’igurcs 18 to 21 show the Lj-1{ color histograms in difl_crcllt  lf-l)ills  for con~palisoll  with tllc data of
Cowie et u1. (1993). l’or all of the modck+ tllc histogralns  show a slnall  tendency for galaxies to get
Mum at fainter magnituclcs. ‘1’his trclld is of about the swnc IIlagllitudc as observed hy Cowic et
al., and for the f10 = 1 models tlic peak and ra.ngc  of the colors agrees WC1l with the observational
data also. ‘1’hc QO = O, high .zj, lnodc] colors arc too rwl 0]1 average hy about 0.5 maguitudcs,  in
each of the three magnitude ranges. IN addition tlic simulated (11-1{) distributions cxtmd too fm
tc) tllc rcd for the brightest systems. ‘1’his result is cxpcctcxl sillc.c  for this cosmology aud Zf tltc
1{-band c.oullts  fit the data while tllc Muc hand counts  arc uildcrl)roduccd.  IIowcvcr,  the colors
arc in bcttm agreemrmt  with the observations for a low value of zj (]+’igure  1 8), as expected  from
tllcir  number-count clistrihutions.  All C? = 1 ]nodcls  undcr])roduce  both tlic optical a]ld tllc IIcar
infrared counts to yield colors ill better agremncnt  with olmrvatio]ls.

4.6 S u m m a r y  o f  llesu]ts

We c.c)]lc]udc that for an 00: 0 cosmology a good fit call  bc obtained  to tllc N(]n) data irrcs~mctive
of which 1,1” is adopted provided the galaxy formation redsliift is low; z v 5. ‘1’lIc N(l)j)  clata rule
out tllc hig]lcst Zj model if f){, =- O, and tile h’(11-1<) data also favor a low Zf model. IIowcver,  the
s])cctrosco])ic data SIIOW the best  agrccmcnt  wit]l a hig]t  Zj Inodc]  - and tllc lowest Zj == 3 model is
strongly  rejcctcd  by t]lc data. ‘J’lius, a best c]vcral]  ]nodcl to fit al] t]lc number cou IIt, rcds]lift and
color data consists of low Q, Zj e 5, and a SMC])  low-c!]]d  1,1’ like that of Franceschini  ct al, (1988)
or Slianks (1990).

It is more difficult to fit tllc data with f10 = 1. In this case tllc N(z) data, favor a lliglL Zj; tllc
low Zj modc]s produce a higher  mccliall  rcdsllift slid Iongm tail to hig]l rcdshift  than o b s e r v e d .
‘J’lIc N(z) data also favor tllc Efstathiou  or l’ral}ccsllil~i  1,11’s over tlic Shanks 1,11’, as tllc lat ter
fullc.tion also produces a tail to IIigll  r~!dsllift  tlliit is ]Iot ohservcd. ‘1’llc hcst fit is ol~taincd “for the
lpranc.csc.lli]li  1,1’, for which tllc Lluc N(]n) call  bc fitted to bj w 26; IIowcver tllcrc is cvidcllcc that
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this 111”  ovcr]jroduccs  the hrightcst  counts, and it can fit Llic K counts  only to K= 17. If wc adopt
tllC! l;fstathiou  1,1”  tllC1l  tllC! l)C!St  fitS lC~Cll Ollly Lj=-22 ~llfl K c 1 7 .

in sulnxnary, our results agrc.c ill a general way with tllc C.ollc.lusicms  that have been rcachml
previously by other authors (Sandage  1988; Koo and Kron 1992): (1) wc cannot rcproducc  the
faint counts and redshift  distributions with Qo= 1, with a flat low end S1OPC to the local I<II’; and
(2) wc favor a low value for Q. and a value of zj w 5.

It is important to stress the kc.y differences between our approach and that of previous modellers.
‘]’hc current results on number  counts, rcdshift  and color distributions prcwmted in this first paper
result  from onc Monte Carlo simulation trial. At tl]is stage  of our work, our Monte Carlo  procedures
difl’cr from previous models principally in the fiact that wc arc able to model continuous distributions
of galaxy paramctmrs,  wllerms  ]nodc]s based on the classical allalytic.al  approach usc a limitml
numlmr  of discrete values for oa.ch parameter. For example, wc si]nulatc  a continuous description
of galaxy  spectral typm rather  than c.hoosc thmc  or four discrctc  classes and associated spectra
as tmnplatcs  for extracting flux and color information. ‘-1’he on]y new ~frec.t which our simulation
procedure al]ows us to take into account  is t]lc efrcct  of t]lc!  ralLdoln  inclination ang]e on t]lc! intc!rna]
cxtillc.tion. IIeyond  tllcsc issues  there is no basic philosophical diffmwncc  between  our a])])  roach, at
this stage OJ the nmdclling, and a hypothetic.al detailed and complete  analytical mode]  that takes
into account all the relevant galaxy  pro]) crtics,  paralnctmizml, a s  IIere, b-y continuous  fulictions,
ratlicr than descrilmd  by a. limited nulnlmr of stc])  fullctiol)s.

Although an analytical model with contil]uous paral[lc!tc!rization  dots not, exist, a direct c.olnpar-
isoll  of our lnodc]  to all analogous classical analytical a])proac.h  witl~ discrete ~)ara.ll~ctcrizatiol~  can
I)c made  by comparing our results to those of l’rallccschini  ct al. (1991), wlio used tllc same  Mazzei
et al. galaxy  evolution models as us. ‘J’hey  find, like us, that tllc dmpcst  observed 1{-hand counts
arc fit by an OINM cosmological  luodc] with qO = 0.05 and 110 =: 50, suggesting that this result
is lnorc strongly dcpcndmt  on the galaxy  cvolutiol L model used, rather than  011 tllc scco]]d  order
eflccts  involved ill tllc Monte  Carlo sijnulation  of tllc colitilluous distril~utions of galaxy paralnctcrs.

M7C further ])oint  out again tliat w’llerc wc mljcct tllc full ])otcntial  of our silnulatiol[ ap])roacl!
to bc realized is in the next stage of our work, in which wc usc our si]nulatc!d  ilnagcs to illvcstigatc
tllc cfl’ccts  of observational biases. l’or tlIc ])rcsclLt  paper  wc base our results o]l]y 011 tlLc silnulatcd
galaxies that went into making tllc fields show]i  ill tile plates ill order to directly colnparc  our
rf!sults  at this stage to tllosc of prc!vious  lnodellcrs. ‘J’ILus,  like all previous analytical ]nodc!]s  of deep
galaxy saIn}dc:s, tllc simulated data dc) not suflcr from ]nally of tile olmrvatiollal  biases tltat afllict
real data. l’or cxalnplc,  Koo & Krol~ (1992) have pointed out that tllc dc:cp  galaxy surveys might
bc! scvcrcly biased against high rdshift  galaxim clue to surface l~riglltlless  dim~nillg:  tllc exposure
tilnc required to reach a constant signal-to-noise goes as (1 + z)]o. ‘JIIIUS, it is likely that tllc ILi.gh
rc!dsliift  tail in tile simulatml Q. u 1 Inodcls  is obliterated in a real observational })rocess.  }Icncc,
a direct coln])arison of our sinlulatc.d  data witli obscrvatiol)s  with real data is not yet coln])lctcly
fair.

WC illc]udc  sky background, a.tlnos])llmic.  scwillg,  and illstrummta]  IIc)isc in tile images, to study
tlic~ r(!sulti]ig  observational biases and to suhjcc.t  tllc silllulatiolls to tllc salt)c ])roccssillg  that tile
real data go through, in the second ]Japcr of this scvics (Clloks]li, hlajwski  and l,onsdalc  1993).
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5 lliscussiOn

Wc have  prescmtcd  the most detailed two dimensional Monte-Carlo simulations of deep galaxy fields
in tlic blue and near  infrared  wavelcvlgtli  bands . ‘J’hc aill~ was to scc ILOW far tllc predictions based
011 the local, observed, norms] galaxy  properties, together with the sim]dcst assumption of coeval
galaxy forlnat.ion  call  co]nc towards reconciling tllc failit galaxy obscrvatiolls.  ‘J’hc results show
that, irrespective of the assumed cosmological model, for Zj== 1000 the observed blue band counts
beyond  bj = 22 are c.lcarly  in cxccss  of the c]uicscent normal galaxy  evolution ~)rcdictions,  and have
a Lest fit if Zf is lowered to about  5. On the other  hand, Guidcrdcmi  & 11.occa-Volmcrangc  (1990;
(; ILV), were able to fit the photometric data over the cntim  optical band,  and also the spectroscopic
data to .!)j = 22, with tlieir galaxy evolution models usi]lg  low 0 and Zf== 10. ‘J’his  slnall  difl’crcllcc
ill the two models  is not  duc to the difl’crcnces  in the bright  cncl normalization of the counts since
both  our counts and tllosc of GIW fit tile data at l)j=19.

‘J’wo ilnportallt  differences lnay c.olltributc to tllc difrcrcnt predictions. l’irst,  GIW’S standard
mode] includes a lJV-hot  phase for the elliptical and 5’0 galaxies, which form 35’XO of their  total
])o])ulation. ‘J’his  might enhance  their blue count contribution with respc!ct  to the present set of
models. Moreover G1l.V adopt  a Scalo (1 986) 1h4 II’, which provides a larger  number  of massive
stars tllau  a SaJpctcr  out. ‘J’his  clitails a stronger UV-risiug  h-al~cli  providing a larger contribution)
to tllo blue counts.  Mazzci  cl al. (1992)  ]nadc a co~nparison bc!twccn  tl}cir  proc.edurc and GRV’S
using an SC, ]nodcl  with the same SII’R and IMII’. ‘J’heir results dclnonstratcd  that the the Mazzci
et al. ]nodc]s produce ljoth lower UV luminosity al]d higher flux in the red spectral region, arising
from the different IJV stclla.r data, the diffcmnt lhll”,  and the difrmmlt  library of stellar tracks, in
particular for tllc red gia:lt  and later  phases.

Cowic.  ct al. (1993)  found that their K nu}~~lmr counts could be fit by al) Q = 1 lnodcl, while no
cos]no]ogy  could fit the blue and the 1{ coul Lts silnultancous]y.  ]Ioth all open and a flat universe
mocic] with a. cosmological constant, wliilc  providing  a bcttm fit to tllc blue counts, ovcrproducc!d
the K-band  data.. ‘1’hcy achicvcd a simultaneous lit by i]ltroducin.g  a ])opula.tion of blue dwarfs at
earlier epoclis that disappear locally. Wc callllot fit tllc 1{- band data wit]] Q = 1, but  our f? =: O
lnodc]s do account for tllc K-band  counts, imp]yinp;  that our :nodc]s  are too blue coln]mrcxl  to Cowie
et fll. ‘1’his is puzzling at face value, sine.c the direct c.omparisoli of our colors with theirs  ill ]1’igurcs
18 to 21 sl)ows a gcncra]ly  fair afyccmcnt  for all lnodc]s  cxcc])t  tllc QO=.O,  IIigll  zf one, Wllic.11 shows
redder colors than the! observational data. of Cowic:  et al.. IIowevcr,  (;ardncr,  Cow’ic and Wainscoat
(1993) have revisited tllc modclling of tllc 1{ balid numlm coul~ts  of Cowic ct al., concluding that
neither a low f] or a flat  model  fit tlic data well, and that t}lc  local norlnalization  qb” required hy
their  brigl)t mId IIulnlmr  counts is lower tllall used by Cowic cl al. (1993) to co]lclude  that Q= 1.

It is not likely that tllc lMII’  is respolwib]c  for ally diffcrclicc  Imtwml  our rc.suits and those of
Cowic ct cL. Cowic cl al. used the photolnctrjc  ]t~odel  of Yosllii  and ‘J’akahara (1988), which has
a Salpcter  (1955) lMII’ for lnost galaxies, a.s dots our ]nodc]. IIowevcr,  tllc normalization of tllc
IMII’s is different as Yosllii  and ‘J’akallara. usc a. low mass c.ut-ofl’  of 0.05 Jfo com])arcd  to 0.01 in our
]nodcls, and this difference is cx]mctcd  to result  in bluer colors for Cowic d aj.’s models bccausc
tllcir  lh41J will produc.c  twice as Inaliy  bright  stars as Mazzci et al.’s. ‘J’hc rcdlless  of tllc Cowic ct
al. lliodcls c.o]n])arcd  to ours may bc due instcmd  to an llll(lc~rcsti]l}atc:  of tllc UV fluxes of galaxies
in the Yoshii and ‘J’akahara  lnod(!ls,  as disc. usscd hy thcm.

Koo & Kron (1992) used the observed color-magnitude distribution ofgalaxics  combined with a
~~o evolution model to qualitatively rc])roducc tlie ])liotolnetric.  alLd s])cctrosco])ic  ])ropcrticw of faint
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galaxy IJopulatioJIs  at optical and IIcar illfrarcd wavclcllgtlls. SIJccifically,  tlieir ]nodc] illvolvcd a
multip]c  combinat ion of blue starburst  systmns and rcd quicsccllt]y  cvolvi]lg  galaxy  ])opula.tions
alo]]g with tllc color-d cpcndcnt  lumiilosity  func.tioll  of Sllallks  (1990) that ]Irovidcs  a. steep faint
cnd slope to the function for Muc galaxies. Koo and Kron’s model cffcctivcly demonstrates that
t,hc observations of faint galaxies arc still within the rcalln of what could plausibly be cxpcc.tcd
from local populations of galaxies.

ON the other hand, Wang (199]) constructed a galaxy  evolution lnodc] which incorporates
dust in galaxies to reconc.ilc  all of the optical and infrared data, III IIis model the dust content in
bright galaxies incrcascs  with look back time countcri)lg  the lulnillosity  evolution of their stellar
populations, while the low luminosity systems arc relatively unaflccted  by extinction cflccts and
thus incrczm  in luminosity with z. 7’IIc  overall did of such evolution is to incrcasc  the contri-
bution of lower luminosity galaxies with respect to bri.gilt galaxies with z in flux limited surveys,
such that both the t.hc incrcasc  in the faint  b]uc counts and the shallow rcdshift  distributions arc
simu]tancously  satisfied.

Since our models explicitly contaitl an evolving dust c.ontcnt, tied to the increasing mctallicity
as a function of time, wc expect a similar ~frd to that treated analytically by Wang. ‘J’hc Muc
band optical depth for various galaxy  types is shown for our ]nodc]s ill l’igurc 22. ‘1’his figure shows
that indeed late-type systems arc still incrcasill,g  in dust contcnl  and cxtinctiol] at the present time,
wllilc earlier type  systclns  SILOW a rapid incrcasc  in o])tical  clcl)tli  with increasing lookba.c.k  tilnc at
rcc.cnt epochs.

Most other cflorts  to simultaneously reconcile the blue a]ld tllc 1<-band data have required
departures from what is observed locally and/or new ])llcl[olnena. l’or cxalnp]c,  IIroadhurst  ct al.
(1 992) used a combination merging and starl~urst  sc.c!nario (this dots not conscrvc the local galaxy
dcllsity  and also illvokcs  starbursti]lg  S14;1)s to cxplaiu tllc cxccss  blue cc)ullts),  llal~ul  &r Rccs (1992),
like Cowic et al. (1993), hypothesised disappcarin.g populations of dwarfs synchronized to match
tile fa.illt  blue counts  and rcdsliift distributions.

Obscrvatiollal  cvidcnc.c for illtcractiolL-  or merger-clrivcll starbursts  ill galaxies c.alnc from tllc
11{.AS survey. ‘1’his survey foulld that, locally, o]Ily  a small frac.tioll  of galaxies (N 2%) ]Ja.rtici])atc
ill such phcnolncna. III all merger scenarios tllc expectation of galaxy illtcractioll  is cxpcctml to
illcrcasc with rcdshift  at a rate somcw]lcrc in tllc range (1 -I Z) W3-’. III fact, ill the Carlhcrg  &
Chariot (1992) model, by z==O.5, tllc typical de])tl[  of tlic rcdsliift surveys, tlic lulninosity  function  is
already clomil]atcd  by interaction il~(lucc~l-starl>lllst  events,  explaining tllc cxccss  ill tllc counts  fro]n
Lj = 21 to the faintest flux lCVCIS.  IIroadllurst  ct al. (1 988) al)d COIICSS c1 al. (1990) liavc modcllcd
tllcir counts ill terms of a starburst  sc.cnario guided by their obscrva.tiolis  of hig]icr  cquivalcllt  widths
of 01 I e]nissioll  in their dccpcr  surveys compared to tllc Lri.p;lltcr s]wctrosc.epic survey of l’ct.crson cd
al. (1 986). }Iowcvcr, as pointed out by 1{00 & ]{ron (1 992), tllc two surveys salnplc very difl’crcllt
lull~iliosity  ranges with tllc l’ctcrsoll sample confi]lcd to tllc SUI)-1,* regime (SCC the a.najyscs hy
l’;alcs  (1993)) while tllc IIroadllurst  cl al. and CO1lCSS ct al. obsc!rvations  salnplc W] J*. ‘J’hus  tllc
incrc!asc  in tllc 011 strcngtll  is ])ossibly a volulnc cfrcc.t, wllcrc st,rollgcr  evolutionary cflccts arc
dctcctcd  in tllc IIigllcr  rcdsllift salnplcs. So wllilc  invoking galaxy  ]ncrp;crs  and IIoll-collsc:rvatio]l  of
galaxy nunlbcr  densities is onc way of resolving tllc lnystcry  on tli(!  ]Iaturc  of tllc stce]) blue counts,
it is IIot necessarily the o]lly possihlc cx]dallatioll.

W(! cxp]orcd tllc chaILgcs to our results ])roduccd  I)y varying  tllrcc of tile most fundamental
parameters of our simulations. As wc expected, while a variation of }10 does not significantly cflcct
our results, both tllc cpoc]i of galaxy  forinatio]l and tlic shape of tllc local ]ulninosity  fu]lctioll  arc
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cri t ical  ill tlic illtcrl)rctation  of tllc failit galaxy data. II] fact, botli tllc observed llullll~cr  counts
and tllc rcdshift  dis t r ibut ions could he c!xplail]cd  by a low f), low ZJ ]nodc]. Varying zj and the
IJIJII’  dms Jiot satisfy ally observational constraints for ally flat coslnologic.d  lnodc].  ‘J’llus  a low zf
a.IId/or  a steep faint  cnd luminosity function may be sufliciwlt  to cxplai]l  all of tlic photometric and
spectroscopic data wit.llout  further need to invoke a starhursts  or mergers  of galaxy populations in
a low Q universe, hut  not in a flat ullivc.rsc.

‘J’llc variation in the local luminosity function sliows t,llat  the steep S1OJ)C of t]lc IFranceschini
1,1’ can explain tllc blue counts  to bj N 26 for a high Q, lowzj  cam,  but has no effect on improving
the fit at K for this QO. ‘J’hc Shanks function gives the sa.lnc results for the number counts as the
]’;fstathiou  function.

IIctcrminations  of space dcnsitim  of low luminosity galaxies arc very uncertain bccausc  they
rely on nearby samples which are hcavi]y  affcctcd by local cflccts. Random  velocities arc large
scale streaming motions hinder  the applicability of the rcdshift-distance rcla.tion;  estimates based
0]1 group n~cmbcrship or distance illdic.ators  SUCII as the ‘1’ully-l’isllcr  relation arc also controver-
sial. Moreover, the local density of galaxies might be higher or lower than the mca.n density by
an unknown factor. Although the careful analysis by Saundc!rs ct al. (1990), combiliing data from
several c.omplcte  samples totaling 2818 galaxies, indicates a relatively low density of low lun~inos-
ity ga]axics,  substantially ]Iighcr va]ucs arc suggc!stcd  by the dc’c])cr  601{1N samp]c of ],onsdalc  &
]Iac.king  (1989).

Some additional justification for adopting a strep lu]nillosity function comes  from the c]umpcd
rcds]lift distributio]l  o b s e r v e d  ill the pc:llcil  bcaln survey of IIroadhurst  et al. ( 1 9 9 0 ) .  ]Iahcall
(1991 ) demonstrated that the rwdshift structures scm in that  data orig;il~ate  in tlLc known largc-
sc.alc su])crc.]ustcrs. ‘J’he lulniltosity  fuliction of gala.xics  witllill such structures may W C]] deviate
substantially froln what, is observed in field systems. F o r  cxamp]c,  Salldagc,  llillgclli  & ‘1’ammann
(1985) found that tllc luminosity function for galaxies ill tllc Virgo cluster cxhihits  a steep faint
cnd S1O])C unlike that derived for field gyda.xics by k;fstatlliou c1 al. (1988). IN our simulatio)is,  the
galaxy fields do not cx])licitly  contai]l “field” galaxies. C]ustcrs  arc liladc large and diflusc enough
to mimic field galaxy scparatio]ls  but they have narrow  z distril}utiolls and thus show similar levels
of clustcri]lg  as observed ill tllc s]mctroscopic survc!ys without a substalit,ial field galaxy  fraction.
‘J’ILus there could IN a potential problcm in our silnulatiolls  in saln])ling  local ‘field’ cnvironlncnts
for basing  tllc predictions of deeper surveys - both the space dcvlsity  norlnalizatiou  and the shape
of tlic faint  CInd of tllc luminosity function  could he wrong if tlic dec}) surveys arc dominated by
c]ustcrs.

‘J’IIc coln])atibility  bctwccn  the ohscrvatiolls  all(i the silllulaticm  Inodcls  with a cllangc in z~ or
faint  CIId lulninosity  function cannot  )Lcccssarily bc t:ikcll  as a ])roof agail)st either tllc starl~urst
or lncrgt!r  models. Ally of tllc above colnbinatioll  of ])aralnctcrs  and/or ]ICW pllcnolncna  might bc
rm])onsible  for the dccl)  optical and illfrarcd data. ‘J’llc lIlodcls  do strollg]y argue that illtcr])rctin.g
the faint  galaxy  observations is a l~lulti-])arallletcr proble]ll  t]lat  call]lot,  IIcccsarily  bc addressed lJy
siln])]cr analytical a.])~)roacllcs. l’or cxamp]c,  our fit of the K-ballcl  counts  with a low f20 model just
])rc)vidcs a lower lJoulid  to tl)e galaxy  llu~nbcrs cx]wctcd ])urc]y froln local ])hczlo]nclla  and allows
rooln for further cvolutioll in galaxy  counts  or their ]ulninosity  rcsultillt; froln lnerging or sta.rburst
sccnaric)s.

It IIlust  bc clnphasiscd  that the! sill]ulatiolls  pr{!scntcd  l]crc arc ?)~ass-frss, i.e. \vc IIavc silnulat(!d
the light distributions ofgalaxics  ill mode] univcrs(!s  WILOSC .gc!olllctry  is goverl[cd  by the cos]no]ogical
])aramctcrs.  ‘1’hus tllc success of a low zj, f10 u O lllodc]  silll])ly  favors tllc larger volu]nc  ])rovidcd
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by aII o])m] &!oIIIc!tI’y.  A flat ~collldliCa] mo(lcl  Cdll cxp]a.in t h e  d{?cy &daxy ]{-~)al]d ohscwvations
if cit]lcr a non-zero c.oslno]ogic.al constant is iIIvokd  (I,illy ct al. 1991) or galaxy nulnber density
collsmwation  is almndoncd.  l]oth  these scenarios produce higher prcdictml galaxy s]mt!  dcnsiticsj
tllc first by increasing tllevolulllcclcll-]cllt  slid tllc second byan  illcrca.sciu tllclllll[ll)crofgalaxies
at higher rcdshifts  with galaxy mcrgms  or fadiug tllcl[  acc.ountillg  for tlic galaxy c.ou]its  observed
IOcxdly.

It has been  suggystcd that the light of faint  Muc galaxies is sufficient to explain all metal
production, and siuce the redshift  surveys sliow shallow distributions, this must have oc.urrcd at
fairly rcccnt  epochs (Cowic 1991). ‘J’he star forlnation  rate of galaxies in our simulations is a step
function that is constant at early cpoc.lls  and tllcn dccrcasm  ra])idly.  Sine.c 72% of our galaxies arc
late type with T/~o== 1-10 their metal  production (as indicated  by their  dust content iu ]1’igurc  22) is
a slowly increasing function of time  covering a large rauge  of redshifts  with the lowest +0 systems
still inc.rcasing their  metal contcult.

‘1’hc IIcxt step in our study of faint galaxy populations is to include further dfccts,  physics]
and obscrva.tional,  that might  iuflue]lcc  tllc outcome of tile si]nulations. ‘J’hcse  include a color-
lumi]losity  effect and foreground extinction ill galaxies that lnight  be ])otcwtially  ilul~ortallt.  I,CSS
ilnporta.nt  might bc the l~~or})llology-(l[!~lsity  rclatioll,  w]iilc the question of the slope of the faint  cnd
of the galaxy lulninosity  function , and of Illorl)llology-  (lc])cll{lcllt  lumiuositty  functions still  await
olmcrvatiolla] con fir]natiolls  before bc!illg  applied to ‘( ficdd” systclns. h! issiug  obscrvationa]  cfrccts
include sky, noise, scc.ing,  surface brightness dimmiug  and their  cflkct 0]1 galaxy detection and
])hot,olnetric proccdurcs,  the effects of confusion  etc. ‘J’hcm cfrccts  ]night potentially bc larger  thau
tllc sccolld  order  astrophysical effects.

6 Su mmm’y

WC IIavc prcscntcd  detailed two dimensional simulatio]ls of dce]) galaxy fields that rely on cxtrapo-
latillg  tlic local observcxl  prop(!rtics of galaxies to IIigll  rcdsllifts based ON passive and active stellar
cvolutioll  iu galaxies and tllc assulncd geometry of sl)ac.c-ti]llc. We fiud that, ulldcr tl]c assump-
tion of conservation in galaxy numbers, tile nlodcds arc strongly col(strai:icxl  by tllc obscrvatious
of o])tical and iufrarcd  numlmr  counts, their  rcdsllift al)d color distributiol)s.  ‘J’]IC results favor ]ow
flo, low z~ modc]s slid are bcmt fit by local lulnillosity fuuctions  tliat  sliow a steep low lulniliosity
Slope.

III sumlnary,  our results agree ill a genera] way with tlIc co]lc]usiolls  that IIavc ljccII  rcacllcd
p r e v i o u s l y  by other  authors (Salldagc  1988; J{OO aud Kroll 1992): (1) wc cannot  rc})roduc,c  the
faint  cc)ullts  and rcdsllift  distributio]ls  with QcI=:  1, with a flat low end s]opc to tllc local 1,11’; and
(2) we favor a low value for Qo and a value of z, N 5.
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‘J’AllI,I{; 1.
PAILAMII;’l’I(XS ok” l, OCAI,  LUMINOSI’1’Y FUNCTIONS

—.-. —... ——. — —.
Rcfcrcwce a-i A4* a

- IMstathiou [~ al. (1 988) ----–OmO-l------—-0m0-l 95 ‘“-;21.1  8 -1.07
Franc.eschini  et al. (1988); llarly  types  0.0004 -21.1 -1.0
JI’ranccschi]li  ct al. (1988); l,atc types 0.0012 -20.9 -1.4
Shanks (1990); E, SO,Sah 0.0012 -20.5 -0.7
Shanks (1990); Sbc 0.0006 -21.4 -1.1
Shanks (1990); Scd/Sdm 0.0004 -21.5 -1.5
dc l,apparcmt  t-d aL (1989) 0.00250 -20.7 -1.1
l,ovcday  ct al. (1992) 0.00175 -21.00 -0.97——. .——. ——.. —... ———-... --- —————————————- : —.

‘1’al~lc 2.
COI,ORS  011’ N1<;AIUIY GAI,AX114;S

-.. . . .- ..—
Type U - V  V - K  II-V “u[J-\~  o\~-Ii OBL”V–-  N(J-.  v NV-;- h’;~- v

1;/S0 1.42 3.27 0.94 0.11 0.16 0.09 198 132 ““198
Sa 1.27 3.18 0.90 0.15 0.29 0.08 70 32 73
S6 1.00 3.13 0.80 0.22 0.26 0.12 78 22 78
Sc 0.62 3.08 0.62 0.20 0.31 0.13 110 13 110
Irr 0.32 . . . 0.51 0.20 . . . 0.12 38 . . . 38-———..———.—...—— ——... —
kJ/SO 1.42 3.22 0.89 . . . . . . . . . 54 54 “-- 84 ‘-
Sa 1.32 3.19 0.83 . . . . . . . . . 9 9 ’22

Sh 1.07 3.17 0.75 . . . . . . . . . 9 9 34
*SC 0.82 3.09 0.58 . . . . . . . . . 20 20 65
ITI’ 0.32 2.53 0.42 . . . . . . . . . 6 6 2e’J—..—.—. .-.. ——— —

‘1’ab]c  3.
l{l(;l)S1lll”l’  I)] S’J’1{11111’J’IONS

-. —.
<z> -d-

- 
Observations 0 . 2 7  0“?019
(].= 1 ,zj= 1000, l’;fstatlliou 1.1” 0.35 0.134
QO= O,zj: 1000, l;fstatlliou  l,]” 0.32 0.026
flOU 1,z~= 1000, 11’rant.mcllil)i 1,11’ 0.23 0.031
QO= O,Zj= 1000, l’ralLcescllini  1,11’ 0 .26 0.018
Qo=:l,zjz=l  OOO, Shanks IJII’ 0.49 0.141
QO= O,zj= 1000, Shanks 1,1’ 0.26 0.018
OO=. 1 ,2~L5, l’;fstathiou  IjlI’ 0.76 0.546
C!O= 0,zf=5, l’;fstatliiou l,]’ 0.36 0.030
~0=:] ,.?j=3, ]’;fstatlliou ],]” 1.15 0.821
flO=. 0,.zj= 3, l;fstat]liou 1)1” o.98 ].2]~

- --.
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l)igurc  1: A colllparison  ofdiflcrmit  locall~ll]~iliosity  functions. clash-triple dot line: l’;fstatlliou,
l’llis  and l’eterson  ( 1 988);  lower solid line: S]lanks  (IWO); upper  solid line: Franc.eschini  et al.
(1988); dash-dot ]inc:  de l,apparcnt,  Gellcr and IIuchra (1989); dotted  lillc:  I,ovcday cl al. (1992);
dashed  line: Carlbcwg  and Cha.riot (1 992).
l’igurc 2: l;lliptical  (light line) and spiral (heavy  line) galaxy photometric evolution models as a
function of age.
F’igurc  3: Rest, frame  (11-K)  and ([J-V)  colors as a function of agc for the galaxy  evolution Inodcls
for diflcrent  values of the initial star formation rate ~~o. (11-1 {)0 and (U-V)O  represent the extinction
corrected colors. I,ong dash-dot line: t/~. = 100 m. yr- ]; lo]Ig  dash - short dash line:  3.5 m. yr-l;

-1short  dash-dot  line: 20 m. yr-l;  dashed line:  10 111~ yr-l; solid line: 3 IIIO Yr .
l’igurc 4: (II-V)  and (V-K) colors in the ohscrvms  frame for galaxy evolutionary ]nodels  with
different initial star formation rates (as il~ Figure  3) as a function of redshift.  l’ancls (a) and (b)
arc for f10 = 1, and panels (c) and (d) arc for f10 := O. zj=. JOOO and 110==50 are assumed for both
cases.
h’igure 5: IIistograms  of the observed galaxy  (11-V)  and (V-K) colors for all nlorl)llologic.al  tyl)cs
(panels a and b) and for the la.tc type galaxies (paIIels  c. and d). g’llc  data is derivccl  froln a
hctcrogcncous  sample, as described in tllc text.
l’igure 6: N(bj)  and N(l{)  pm- square dc.grcc per loagilitudc  dcrivcxl fro]n tllc simulations for our
ba.sclinc model with zj==1000  and ll. = 50 (]ines), for two values of flO. ‘1’he  symbols arc tllc observed
llu]nbcr  counts. IIluc l)ata:  solid squares: ‘J’yson 1988; solid triangles: Mctcalfc cl cd. 1991; open
sclua.res:  Maddox et al. 1990; open stars: l,illy ci UL 1991. 1{ hand data.: solid  circles, open circles,
open squares, open stars: Various surveys as rc])ort~:fl  l~y ~~ar(lll~:r  I 992 ;oPcn tria@s: ~~la~~hrook
1991; plain error bars: Jenkins and Reid 1991.
l’i.gurc  7: Same a.s Figure 6, illustrati]lg  tllc c! flc.c.t  of cllangilig  110 from 50 to 100. ‘1’ILc hdinc
model with 11.=-50 is sllowl[  as tllc light lillcs  for two values of Q ~, wllilc  tllc ll. = 100 model is
SIIOWN as the dark lines.
l’igurc  8: Salne m l’igure 6, illustrating the cfrec.t  of changing the cpcd of galaxy forlnation.  I+’or
this figure wc IIavc put the results for tl)c two values of Q ~ i!lto diflkrcllt  panels for tlic sake of
clarity. ‘1’hc baseline ]nodcl with 11.=50 and .zJ=. 1000 is slIown  as tllc solid  line in each ])anc].
l’igurc 9: Same as I’igurc 6, illustra.tillg tile cflcct of diflcrellt local lujni]losity fullc.tiolis.  in t,llis
figure tllc results for the two values of f10 are again sllow]i  ill cacll panel, witli tllc solid ]incs  for
flO= 1 and the dasllcd lines for flO= O. ‘]’hc lmscdinc ]nodel with 110= 50, Zj= 1000 and tllc ]’;fstathiou
ct al. (1988) luminosity function is depict(!d M tile ligltt  pair of lilies  ill each IJancl.  ‘Jlc otllm
lumi]losity  functions arc dc])ictcd  with tile IIeavier  lillcs.
l’igurc  10: N(z) pcr square degree distributions in three 6j lnagnitude  ranges for each value of fl~
for our baseline model.
l’i.g;urc 11: Same as k’igurc  ] O l)ut for z~ =5.
l“igurc 12: Same as l’igurc 10 , but for the l’rancescllilli  ct al. (1988) lullliliosity  fullc.tion
l’igure  13: Salnc as l“i.gurc  10, but  for tllc Sllallks  (1990) lulnillmity  functio]l.
1( ’igure 14: l)rcsclit  Cpoc.]1  absolute magnitude distributions for tllc same apparcllt  lnagllitudc  rallgcs
usc!d in l’igurc 10, for our baseline model.
l’ig’urc 15: Salnc a.s l’igurc 14 but  for zj= 5.
l’igurc  16: Same as l’igurc 14 , hut  for tllc l’rallccsc]lilli  c( 0/. (1988) lulninosity  functio]l
l’igurc 17: Same as l’igurc 14, but  for
l’igum 18: (ILK)  colors in diflcrcmt K
l’igurc  19: Same as l“igurc 18, but  for
l’igurc  20: Same as l“igurc  18, hut for

tllc Sllallks  (1990) lulnillosity fullc.tioll.
magnitude rangm  for tile basclille  ]ilodcl.
ZJ:.5.
the 11’rancw+c.hilli cl al. (1988) luminosity function.

2 2



l“igurc 21: %me as lrigure  18, but for the ShaIIks  (1990) luminosity fullctiono
l’igurc 22: Face-cm blue hand oljtic.al  clept]l of model galaxies as a function  of ago, for five different
va.lum of’ the initiaj star formation rate @o.
l’late I: Central 5’ X5’ of simulated llj band image with 110 = 50 liln/s/Mpc, {?.= O, .z~= 1000 and
the l(;fstathiou ct al. (1988) luminosity function.
}’late 11: (lmtral  5’ x 5’ of simulated A’ band image with 110 = 50 km/s/Mpc.,  QO=- O, .zj==1000  and
the Efstathiou  et aL (1988) luminosity function.
l’late 111: Central 5’ x 5’ of simulated bj band image with JIo == 50 kn~/s/MPc,  O.=- 1, z~ = ] 000 and
the Efstathiou d al. (1988) luminosity function.
l’late IV: Central 5’ x 5’ of simulated A’ band image with 11~ = 50 km/s/Mpc,  QO=-I, .ZJ==IOOO and
the l(;fstathiou ct al. (1988) luminosity function.
l’late V: Central 5’ x 5’ of simulated bj band image with 110 = 50 kn~/s/MI)c,  (l.== O, zf=..3 and the
ltfsta,thiou  ct al. (1988) luminosity function.
l’late  1: Central 5’ x 5’ of simulated A’ lmld ilnagc with 110 = 50 kIn/s/Mpc,  flO= O, Zj= 3 and tllc
Efsta,thiou  et al. (1988) luminosity function.
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